We have obtained ultraviolet spectra with IUE of the classical Cepheid rj Aquilae at several phases in the 7.18 day period. Significant ultraviolet emission is detected at wavelengths less than 1600 Â, where little flux is expected from classical Cepheids. Furthermore, the emission at wavelengths less than about 1600 Â does not vary with phase. Comparison with model atmosphere flux distributions shows that the nonvariable emission is consistent with the flux expected from a mainsequence companion star with an effective temperature of about 9500 K (A0 V). The observed ultraviolet flux and spectral type are used to compute a distance of 300 pc to the system, in agreement with the distance predicted using the period-luminosity relation.
I. INTRODUCTION
Classical Cepheids are of fundamental importance for the determination of galactic and extragalactic distances. Thus considerable effort has been devoted to understanding their physical properties. In particular, determinations of the masses and absolute magnitudes of Cepheids are of interest. One method for determining these properties is to study binary systems containing Cepheids. We report here evidence that the classical cepheid rj Aql has a companion star.
II. OBSERVATIONS
As part of a program to study classical Cepheid variables with the International Ultraviolet Explorer (IUE) satellite, we obtained spectra of 77 Aql on 5 days in 1979. These observations covered four phases in the 7.18 day period of the star. All of the spectra were obtained at low resolution. Exposures were made in both the long-and short-wavelength cameras and with both the large and small apertures. The large aperture is an oval slot 10" X 20" in size, and the small aperture is a hole 3" in diameter. The spectral resolution is about 6 Â in the short-wavelength camera and about 8 Â in the long-wavelength camera. Further details of the IUE instrument are given by Boggess et al. (1978a, b) . Figure 1 shows long-and short-wavelength spectra for three of the four phases for which we have data. The spectra have been placed on an absolute scale using the calibration of Bohlin et al. (1980) . Each longand short-wavelength spectrum plotted in the figure represents a single exposure through the large aperture. The short gaps in the spectra are the locations of the reseau marks on the camera, where the data are unreliable. The longer gaps are regions of the spectrum where the image is either underexposed or overexposed.
1 Guest observer with the International Ultraviolet Explorer satellite.
Examination of the spectra shows a number of important features. For wavelengths greater than about 2600 Â, the continuum shows a rapidly rising flux with increasing wavelength, characteristic of the spectrum of a stellar atmosphere with the variation of effective temperature from 6140 to 5320 K determined by Oke (1961) for rj Aql. At all wavelengths greater than about 2600 Â, the flux measured at the Earth varies in a manner consistent with the observed optical variations. For example, at 3200 Â the variation from near maximum at phase 0.01 to near minimum at phase 0.73 is more than a factor of 4. This is somewhat larger than the factor of 2 variation seen at visible wavelengths and is consistent with results for other Cepheids (e.g., Lub et al. 1979) . However, between about 1700 and 2000 Â in the short-wavelength spectra the slope of the continuum varies from positive at maximum to flat at minimum. Finally, below about 1700 Â both the shape of the emission and the absolute value are constant, independent of the phase of the Cepheid. In addition, none of the sharp continuum edges characteristic of 5000-6000 K effective temperature stellar atmospheres (Kurucz 1979) are evident in the 1500-2000 Â short-wavelength data. These edges are present in several of the other Cepheids, Ô Cep, X Sgr, and RT Aur, for which we have obtained IUE spectra. These edges normally reduce the emission for wavelengths less than about 1600 Â to below the level of detectability of the instrument. The overall shape of the ultraviolet flux below 1700 Â is characteristic of a stellar atmosphere with an effective temperature in excess of 8500 K. The features noted above are seen in all of the spectra we have obtained, including those taken with the small aperture. Thus the source of the radiation must be within 1''5 of rj Aql. Therefore, we suggest that the features of the spectrum presented in Figure 1 indicate that 77 Aql has a companion star with an effective temperature in excess of 8500 K. WAVELENGTH (Â) 1.-Low-dispersion short-and long-wavelength spectra in absolute flux units of 77 Aql at three phases in the 7.18 day period. The La feature is geocoronal; the absorption feature near 1302 Â is O 1 from the companion.
COMPANION STAR TO 77 AQUILAE
III. ANALYSIS AND DISCUSSION To verify the above suggestion, we have compared the observed flux at the Earth at wavelengths below 1700 Â with the predicted fluxes from a series of stellar atmosphere models from Kurucz (1979) . We assume that the companion star is on or near the main sequence and use a log surface gravity of 4 and solar abundances. Each set of model atmosphere fluxes was reddened using the u Average" reddening law of Bless and Savage (1972) and a color excess E{B -V) = 0.16 (Kraft 1960 ). The models were fitted to the data at phase 0.73, when the emission from the Cepheid is a minimum and should therefore contribute the least flux below 1700 Â. The best overall fit to the data was found for a model with an effective temperature of 9500 K. Figure 2 shows the short-wavelength data for phase 0.73, the best-fit model, and models with effective temperatures of 9000 and 10,000 K. The models have all been adjusted to fit the observations at 1600 Â. Above about 1680 Â the models fall below the observed flux because of the contribution from the Cepheid spectrum. As the figure indicates, the 9500 K model provides an excellent representation of the data below 1680 Â. An effective temperature of 9500 K indicates that the companion is an A star (e.g., Allen 1973 ). If it is at the distance of the Cepheid, it must be near the main sequence. Otherwise it would have been detected at visible wavelengths since the absolute visual magnitude of luminosity class I A stars is smaller than the absolute visual magnitude of 77 Aql (e.g., Allen 1973) . A white dwarf at the distance of the Cepheid would have negligible ultraviolet flux relative to the Cepheid. An effective temperature of 9500 K indicates that the L89 companion is between A0 V and Al V in spectral type (Morton and Adams 1968) .
If we assume that the companion star has a spectral type of A0 V to A1 V, then we can use the observed ultraviolet flux to compute the distance to the system and provide a check on the distance determined using the period-luminosity relation. The distance is given by the relation (WttFx = h , where R is the radius of the star, d is the distance to the star, F\ is the surface flux at the star, and /x is the flux measured at the Earth, corrected for interstellar absorption. Code el al. (1976) find that the A0 V star a Lyr has a radius of 2.76 R ö and the Al V star a CMa a radius of 1.68 R 0 . Using the average of these two values (2.2 R e ), the theoretical flux at 1608 Â from Kurucz (1979) , an observed flux at the Earth of 9 X 10 -13 ergs cm -2 s -1 Â -1 , and the interstellar extinction law of Bless and Savage (1972) , we find a distance to the system of 300 pc. If we assume a radius of 2.76 R 0 (A0 V) the distance is 370 pc, and if we assume a radius of 1.68 R ö (Al V) the distance is 226 pc. The distance of 77 Aql based on the period-luminosity relation is 290 pc (Kraft and Schmidt 1963) . Thus our distance determination is in reasonable agreement with the distance determined using the period-luminosity relation. The trigonometric parallax of 77 Aql gives a distance of 200 pc (Jenkins 1963) ; however, the parallax is uncertain. Using an absolute visual magnitude for the companion of +0.7 (Allen 1973 ) and a visual absorption of 0.53 mag, we predict a visual magnitude for the companion of 8.6. Kurucz (1979) . The models have been adjusted to fit the data at 1600 Â.
MARISKA, DOSCHEK, AND FELDMAN L90
The mass of the Cepheid should be between 5.5 and 6 M 0 , while the companion should have a mass of about 3 M q (Allen 1973) . Stellar evolution theory (e.g., Iben 1967) predicts that it takes about 70 X 10 6 years for the Cepheid to reach the instability strip. For a 3 M 0 star, however, the main-sequence lifetime is in excess of 220 X 10 6 years. Thus our suggestion that the companion star is near the main sequence is consistent with stellar evolution theory.
A Cepheid in a binary system is of considerable interest, since it has the potential for a determination of the mass of the Cepheid. The maximum angular separation of 1''5 at the 290 pc distance of the Cepheid gives a maximum separation of 435 AU. If we assume a mass of 6 M© for the Cepheid and 3 M e for the companion, then from Kepler's third law the maximum period for the system is 3024 years. If we assume that the system is seen edge-on and that the motion is circular, then the maximum radial velocity would be 4.3 km s -1 . A radial velocity change of ±4.3 km s _1 is detectable; however, the period is so long that no significant change will take place over the interval for which observational data are available. Furthermore, any inclination other than edge-on would reduce the observed velocity. Thus it is not surprising that there is no observational evidence in the literature on 97 Aql for any anomalous behavior in either the radial velocity as a function of phase or the radial velocity of the Cepheid as a whole. It may be of interest to examine the system again, however. In particular, an accurate measurement of the radial velocity of spectral lines of the companion in the ultraviolet may show a different velocity than that for the Cepheid as a whole. The companion is too faint to make this observation with IUE. If one wishes to use the companion star to check the period-luminosity relation, a widely separated system is ideal, since it is important that the two stars not influence each other's evolution.
The detection in the ultraviolet of main-sequence companions to classical Cepheids provides a valuable method for checking the period-luminosity relation. We have recently detected an early-type companion to the Cepheid T Mon as well. In both cases the companion star is within the 3" diameter aperture and is therefore probably within 1''5 of the Cepheid. Such a close separation strongly suggests that in both cases we are observing physical doubles (see, e.g., Allen 1973, p. 227 ). Since we have observed only six Cepheids to date with IUE and two of these appear to have early-type companions, it is interesting to speculate that a large fraction of classical Cepheids may have companions that are difficult or impossible to detect from observations in the visible alone. As our understanding of normal stars in the ultraviolet region of the spectrum improves, these normal companions to Cepheids could prove to be a valuable additional check on the periodluminosity relation.
